Background and Aims: Psychometric hepatic encephalopathy score (PHES) is used widely for diagnosis of minimal hepatic encephalopathy (MHE). This prospective study aimed to determine the utility of the inhibitory control test (ICT) for the diagnosis of MHE. Additionally, the efficacy of rifaximin and lactulose for reversal of MHE was evaluated. Methods: A total of 180 eligible cirrhotic patients underwent testing for MHE. When PHES was # −5 and ICT lures were $ 14, MHE was diagnosed. The 108 patients with MHE were randomized to three groups for treatment with either lactulose, rifaximin, or placebo. Treatment outcomes were measured at the end of 3 months. Results: The 108 patients with MHE diagnosed by PHES and/or ICT accounted for 60%. The diagnosis of MHE was made by both ICT and PHES positivity in 56 patients, by abnormal ICT and normal PHES in 37 patients, and by abnormal PHES and normal ICT in 15 patients. For diagnosis of MHE, ICT had sensitivity of 78.87%, specificity of 66.06% with 60.22% positive predictive value and 82.76% negative predictive value. An area under the curve value of 0.724 (95% CI: 0.653-0.788) was obtained for diagnosis of MHE. Reversal of MHE was seen in 71.42%, 70.27% and 11.11% of patients in the rifaximin, lactulose and placebo arms (p < 0.001). Rifaximin showed better tolerability compared to lactulose. Conclusions: For the diagnosis of MHE, ICT is a simple tool but has lower sensitivity and better specificity than PHES. Rifaximin is as efficacious as lactulose in the treatment of MHE and better tolerated. Citation of this article: Pawar VB, Surude RG, Sonthalia N, Zanwar V, Jain S, Contractor Q, et al. Minimal hepatic encephalopathy in Indians: Psychometric hepatic encephalopathy score and inhibitory control test for diagnosis and rifaximin or lactulose for its reversal.
Introduction
Hepatic encephalopathy (HE) consists of a spectrum of neuropsychiatric abnormalities that are seen in patients with liver dysfunction and after exclusion of other known neurological diseases. [1] [2] [3] Minimal hepatic encephalopathy (MHE), a subgroup of HE is a neurocognitive complication of cirrhosis. Most of the time, MHE remains undiagnosed and is diagnosed in 20-80% of patients with liver cirrhosis with the help of special diagnostic testing. 1 It can progress to overt HE and impaired health-related quality of life (HRQOL). 4, 5 Furthermore, MHE is associated with driving impairment, resulting in high risk of road traffic accidents for these patients. 6, 7 MHE includes a specific spectrum of cognitive deficits, which mostly involve the domains of response inhibition, executive function, attention and vigilance. [8] [9] [10] Psychometric tests are considered the gold standard for the diagnosis of MHE. These psychometric tests specifically assess the above-mentioned cognitive domains. 11 The Psychometric Hepatic Encephalopathy Score (PHES) is composed of five tests, including the number connection test-A (NCT-A), number connection test-B (NCT-B), serial dotting test (SDT), line tracing test (LTT) and digit symbol test (DST). As such, the PHES can be used to assess a number of parameters, like motor speed, motor accuracy, concentration, attention, visual perception, visual-spatial orientation, visual construction and memory. These are related to most of the neuropsychological impairments in MHE.
There is also a computer-based test known as the Inhibitory Control Test (ICT), which was constructed for the evaluation of attention and response inhibition. It has been used previously to characterize traumatic brain injury, attention deficit disorder, and schizophrenia. 12 It is an established fact that the clinical manifestations of HE in each stage can be reversed when managed by adequate therapeutic management. As mentioned above, MHE is currently underdiagnosed in patients with liver cirrhosis. MHE carries a high potential for progression to overt HE. Meanwhile, the current management of MHE is directed at reduction of ammonia production from the gastrointestinal tract. This can be achieved by administration of lactulose, a nonabsorbable disaccharide. MHE can also be managed with nonabsorbable antibiotic rifaximin. [13] [14] [15] [16] Randomized controlled studies and a meta-analysis 17 have compared probiotics, prebiotics and a symbiotic with lactulose in the treatment of MHE. These studies have shown that in MHE reversal, lactulose is equally or more effective than the pre-pro-synbiotics. 18, 19 Rifaximin is a broad spectrum antibiotic; moreover, it is gut-selective and has minimal systemic absorption. It has a tolerability profile and good safety. The previous studies carried out on MHE patients have shown that rifaximin improves cognitive functions and HRQOL, as compared to placebo. 13, 20 In this study, we compared PHES and ICT for the diagnosis of MHE and assessed the efficacy of rifaximin and lactulose in reversal of the disease.
Methods

Plan of research
The study was conducted in a gastroenterology tertiary care center in Mumbai, India, from May 2015 to March 2017. The PHES and ICT were compared in the diagnosis of MHE. We also compared the efficacy of rifaximin and lactulose in the reversal of MHE. The study was approved by the Institutional Ethics Committee. Written informed consent was obtained from each participant before their enrollment.
Characteristics of subjects/patients
Patient selection ( Fig. 1 ): A total of 250 patients, aged 18-65 years and with established diagnosis of liver cirrhosis without any overt symptoms of HE at the time of testing (West Haven grade 0), were recruited to the study. The diagnosis of cirrhosis was based on clinical history, serologic testing, radiologic imaging and liver histology, when available. All the patients were either hospitalized or attending the Outpatient Clinic of Gastroenterology. After the initial assessment, 180/250 (72%) of the patients were included in the study. Exclusion criteria were: (1) history of recent alcohol intake or substance abuse in the last 12 weeks;
(2) history of recent gastrointestinal tract bleeding; (3) serious infections and use of drugs affecting psychometric performance, like antidepressants and sedatives in the last 4 weeks; (4) previous transjugular intrahepatic portosystemic shunt or shunt surgery; (5) significant comorbid illness (e.g. heart, respiratory or renal failure); (6) visual or mental impairment; (7) neurologic diseases, like stroke, epilepsy, dementia, and parkinsonism; (8) hepatocellular carcinoma; (9) prior treatment exposure to lactulose or rifaximin, recent antibiotic use, or current probiotics; (10) past history of HE.
Among the 70 patients who were excluded, a history of overt HE was present in 10, history of recent alcohol consumption in 15, recent variceal bleed in 15, acute kidney injury in 15, and hepatocellular carcinoma in 5. Out of 180 total recruited patients, 30 were hospitalized, 22 of which had MHE (73.33%). The reasons for hospitalization included newonset ascites, alcoholic hepatitis, and refractory ascites.
Study protocol
Neuropsychological assessment: The PHES has been validated in many populations of various nationalities, including German, Spanish, Italian, and Indian. 20 It includes a battery of five tests: DST, number connection test-A, number connection test-B, LTT for time (t) and error (e), and serial dotting test (SDT). The PHES is calculated from the results of these five tests. The clinical significance of the PHES score has been previously evaluated in a large number of healthy volunteers, in addition to patients with liver cirrhosis with MHE. In Indian cirrhotic patients, the PHES score cutoff has been found to # −5 for abnormal designation. This cutoff can reliably be used for the diagnosis of MHE. 20 In the present study, we used PHES scores of # −5 for the diagnosis of MHE.
ICT: This test consists of presentation of several letters at a specific interval rate (500-millisecond intervals). 21 It is identical to the continuous performance test. X and Y letters are interspersed between these letters. The subject is asked to respond to every X and Y during the initial part of the training run, which shows the pre-potent response. In the latter part of the training run, the subject is asked only to respond when X and Y are alternating (also called as targets) and to inhibit responding when X and Y are not alternating (also called 'lures'). After the training run, 6 test runs, which last approximately 2 minutes each, are administered. The patient is presented with a total of 40 lures, 212 targets, and 1728 random letters in between. At the end of the test, the number of lures, target frequency, lure and target response rates, and target reaction times are automatically calculated. Good psychometric performance is indicated by lower lure response and higher target response.
In the initial studies in the literature, it was revealed that the most important variable is a lure threshold of >5 for the diagnosis of MHE. 7 The initial lure threshold of >5 was set too low for our population, mostly reflecting the high educational status of the selected control population. Indian patients whom we encounter in our tertiary care center are less familiar with computer use. Since the lure threshold needs to be adjusted according to the local population norms, we took the lure threshold of $14 as the diagnostic cut off for diagnosis of HE. 22, 23 In our study, we considered only lures and not weighted lures as suggested by Amodio et al. (unpublished study).
Treatment groups: In the current study, patients underwent a comprehensive physical examination and a detailed neurological examination that included the Mini Mental Status Examination. This was to rule-out any overt cognitive impairment before administering neuropsychological tests and the ICT. Only those patients with a Mini Mental Status Examination score of >24 were included. We also performed a battery of laboratory investigations, like complete hemogram, liver function tests, renal function tests, ultrasonography, esophagogastroduodenoscopy and other etiological tests, as and when required. The eligible patients were classified according to disease severity, determined by Child-Turcotte-Pugh (CTP) classification and model for end-stage liver disease (MELD). Out of the 180 eligible patients who underwent neuropsychological assessment and ICT, 108 were positive for MHE by either ICT with lures $14 or PHES score of #−5, or both. Subsequently patients were randomized to three groups for treatment with either lactulose (30-60 mL/day to have 2-3 loose stools/day) or rifaximin (550 mg 2 times/day), or B-complex tablets as a placebo (2 times/day). We used the titrated dose of lactulose.
The patients were followed up in our outpatient department every 2 weeks in the first month and then on a oncemonthly schedule. At every visit, the patients were assessed for the development of overt HE. Treatment compliance was ensured by pill count (checking empty blisters during each visit), and confirmed by questioning of the patient's accompanying relatives. The treatment outcomes were evaluated at the end of 3 months in the form of improvement in PHES score and ICT findings.
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Outcome/end points: The primary outcome was reversal of MHE at 3 months. Reversal of MHE was defined as PHES score of >-5 and or ICT lures <14.
Sample size: Previous studies have established MHE reversal in 75.5% of patients treated with rifaximin, 24 and a mean of 47.5% of those treated with lactulose, 18 and 10% among those receiving no treatment. 18 For power of 80%, the total sample size of 105 patients (35 patients in each group) was determined as necessary to obtain accurate results.
Randomization: Patients were randomized by an independent observer according to a computer-generated list of random numbers. The study was carried out double-blinded, with both patients and investigators blinded to the study treatment.
Statistical methods: Data analysis was done by using the Statistical Package for Social Sciences version 20 (IBM Corp., Armonk, NY, USA). The chi-square test/Fischer's exact test were used to find the association between various qualitative data variables within the treatment groups and to determine the association between demographic variables with occurrence of MHE. To find the cutoff value of lures in patients with MHE, receiver operating characteristic curves were generated. The Mann-Whitney U test was used to compare cirrhotic patients with and without MHE. The Wilcoxon sign rank test was used to compare the pre-and posttreatment results of neuropsychometric tests and of ICT. A p-value of <0.05 was considered significant.
Result
A total of 250 patients with cirrhosis were evaluated for eligibility, and the 180 patients included in the study (fulfilling eligibility criteria) underwent ICT and PHES to establish the diagnosis of MHE. The clinical and personal characteristics of the patients are shown in Table 1 .
Out of 180 patients, 108 (60%) were diagnosed with MHE by PHES and/or ICT. Of the 108 MHE patients, 98 (90.74%) were males. A total of 33 patients belonged to CTP class A, while 55 patients were CTP class B and 20 were CTP C. The baseline MELD score was 10 in patients, with or without MHE. Amongst the patients with MHE, alcohol-related chronic liver disease was the most common diagnosis, being present in 63 patients, followed by hepatitis B-related cirrhosis in 18 patients.
Diagnosis of MHE was made in 56 patients by abnormal ICT and PHES, by abnormal ICT and normal PHES in (Fig. 2) . The ICT lures were significantly higher ( (Table 3) . Table 4 shows results of the neuropsychiatric tests and ICT in patients with MHE before and after treatment ( Figs. 3  and 4 ). In the lactulose arm, MHE was present by abnormal ICT in 30 patients, out of which 23 showed reversals, and by abnormal PHES in 23 patients, out of which 14 showed reversal. Reversal of MHE was seen in 25/35 patients in the lactulose arm. In the rifaximin arm, MHE was present by abnormal ICT in 31 patients, out of which 21 showed reversal, and by abnormal PHES in 24 patients, out of which 19 showed reversal. Reversal of MHE was seen in 26/37 patients in the rifaximin arm. In the placebo group, MHE was present by abnormal ICT in 32 patients, out of which 4 had reversal, and by abnormal PHES in 24 patients, out of which 2 showed reversal. Reversal of MHE was seen in 4/36 patients in the placebo arm. Reversal of MHE was seen in 71.42% of patients in the lactulose arm, 70.27% of patients in the rifaximin arm, and 11.11% of patients in the placebo arm (p<0.001). For the diagnosis of MHE by ICT, we considered only lures and not the weighted lures. Though the lures improved in patients with placebo, the improvement was not significant (p = <0.003) and did not improve to <14 as the cutoff considered in our study. This can be due to the difference in diagnostic methods, as different cutoffs can yield different results. Lures in patients with PHES were 15.94±4.18 and targets were 180.15±10.20, while lures in patients without PHES were 17.21±2.49 and targets were 177.45±6.58 in patients with MHE. The difference between lures in patients with and without PHES positivity was not significant (p = 0.09). Similarly, the difference between targets in patients with and without PHES positivity was not significant (p = 0.1463).
In CTP class A cirrhosis, MHE reversal was seen in 9/12 patients who were on lactulose, 9/11 patients on rifaximin, and 2/10 patients on placebo. In CTP class B cirrhosis, MHE reversal was seen in 12/17 patients on lactulose, 13/20 patients on rifaximin, and 2/18 patients on placebo treatment. In cases of CTP class C cirrhosis, MHE reversal was seen in 4/6 patients on lactulose, 4/6 patients on rifaximin, and 0/8 patients on placebo. Hence, reversal of MHE was seen in 20/33 (60.6%) with CTP class A, 27/55 (49.1%) with CTP class B, and 8/20 (40%) with CTP class C (p = 0.456 for PHES; p = 0.239 for ICT). ICT and PHES score did not correlate with severity of liver disease, as measured by CTP or MELD score. A total of 15 patients out of 35 (42.85%) on lactulose developed some form of side effects, like abdominal bloating and loose motions, which were corrected by adjusting the dose of lactulose; none of the patients from the rifaximin arm or the placebo group had any drug-related side effect (p = 0.0005).
We did not follow the patients' serum sodium or ammonia levels, nor take them at baseline, but CTP score and MELD score did not predict MHE positivity in our study.
Discussion
The diagnosis of MHE is an important health issue. It has significant impact on the HRQOL and ability to drive vehicles, and puts the sufferer at increased risk of developing HE. [5] [6] [7] The prevalence of MHE is variable and has been reported as 30-74% among patients with liver cirrhosis. 3, 20 In our study, the prevalence of MHE diagnosed through abnormal PHES and/or ICT was 60%. None of our patients had a past episode of overt HE nor did any patient develop an episode of overt HE during the study period. None of our patients had recent alcohol intake, gastrointestinal bleeding, or history of portosystemic shunts, all of which are common risk factors for MHE.
Using the cutoff value of 14 lures, 51.66% of our patients had MHE by ICT. Using the same cutoff value of 14 lures, MHE was reported by others in 67.5% 23 and 40.2%. 23 The ICT lures were significantly higher and the response to correct targets was significantly lower in patients with MHE than in those without MHE. The sensitivity of 78.87% and specificity of 66.06% with area under the curve of 0.724 (95% CI: 0.653-0.788) indicates that, in Indian patients, ICT has a much lower sensitivity, specificity, and area under the curve for MHE diagnosis. In one of the previous Indian studies, sensitivity, specificity and receiver operating characteristic of the ICT were 92.6%, 78.5% and 0.855 respectively, 22 while in another study they were 78%, 65.6% and 0.735 respectively for the diagnosis of MHE in liver cirrhosis. 23 For the diagnosis of MHE, the PHES is considered to be a reliable tool. It is the preferred tool and has been approved by the working party of the 11 th World Congress of Gastroenterology. 11 The PHES is a battery of paper and pencil tests that relies heavily on the motor function of the patient. The shortcoming of using the PHES for the diagnosis of MHE is that the data needs to be adjusted for the age and education of the person being tested. Secondly, this test can only be administered by a qualified person.
Initially, the studies established a lure threshold of >5 as the key variable for the diagnosis of MHE, 7, 25 and ICT exhibited a sensitivity and a specificity of 88% and 77% respectively for the diagnosis of MHE. This showed good reproducibility. Furthermore, the results of ICT were comparable to those of the PHES. However, it is believed that the lure threshold needs to be adjusted to reflect the local population norms. When compared to the PHES, which examines a wide spectrum of neurocognitive function, ICT examines only attention and response inhibition, but ICT is easier to administer than the PHES. In the current study, the PHES and ICT did not correlate with the severity of liver disease, as measured by CTP score and MELD score. This observation matches results in the previous work done by Taneja et al. 23 but opposed the findings of Gupta et al. 22 who found correlation between ICT and severity of liver disease.
Reversal of MHE was seen in 25/35 (71.42%) patients in the lactulose arm, 26/37 (70.27%) in the rifaximin arm, and 4/36 (11.11%) in the placebo arm (p<0.001). Treatment response to lactulose versus placebo and rifaximin versus placebo both showed statistically significant differences. The treatment responses were almost similar with lactulose and rifaximin. A previous study from a tertiary care center in north India also found that there was reversal in 73.7% of patients with MHE in the rifaximin arm and 69.1% in the lactulose arm. 26 Improvement in MHE was seen in 57% of patients with lactulose levels at baseline. Low serum sodium and high venous ammonia were highly predictive of nonresponse to lactulose therapy in a study by Sharma et al. 27 A decrease in the levels of serum endotoxin, proinflammatory markers and arterial ammonia is seen with lactulose treatment. The proinflammatory markers include interleukin-6, interleukin-18, and tumor necrosis factor-alpha. The levels of serum endotoxin, proinflammatory markers and arterial ammonia can be used for the diagnosis of MHE. 28 Reduction in their levels is associated with improvement in MHE, as evidenced by improvement in PHES and metabolic parameters on magnetic resonance spectroscopy. 28 Review of eight randomized controlled trials that evaluated lactulose or lactitol for patients who had cirrhosis and HE found that there was no difference between the two forms of treatment. 29 Rifaximin is a nonsystemic antibiotic. It is, instead, a gutselective antibiotic, which is used to modulate gut flora, reducing levels of bacteria-derived toxins. These toxins are implicated in the pathophysiology of HE. The psychometric performance and HRQOL in patients with MHE is improved by rifaximin. In addition, rifaximin is well tolerated 24 and easily available in India, costing around INR 190 for 10 tablets. While the cost of rifaximin is almost the same as that of lactulose, it is better tolerated and has no side effects.
There are few other options for the treatment of MHE. These include probiotics and L-ornithine L-aspartate, which have shown reversal of MHE. 18 Previous studies have demonstrated improvement in HRQOL with the reversal of MHE in patients treated with probiotics. 18 In the current study, we did not check for improvement of HRQOL.
The inaccessibility of magnetic resonance spectroscopy and electroencephalogram has been the main reason for their scarce use by clinicians in our country for the diagnosis of MHE. Procedures such as magnetic resonance spectroscopy and electroencephalogram are not only operator-but also patient-independent tests. Another technique, the critical flicker frequency 25 centers on the perception of light as it flickers or fuses as its frequency changes. Sex, level of education and time of day do not significantly affect critical flicker frequency results. However, there is some evidence of differential effects with age and etiology of the underlying liver disease. This testing requires many prerequisites, like intact binocular vision, careful standardization of operating procedures, and optimization of test runs. Moreover, one of the available commercial machines utilizes a red light for the testing, making it is impossible to use for individuals who are red-green color blind. 25 The primary strengths of our study is that we directly compared PHES and ICT in the diagnosis of MHE and also that we compared the treatment outcomes in patients with MHE using lactulose and rifaximin as treatment. Finding an exact placebo for lactulose is nearly impossible. The most commonly used placebo for lactulose is sorbitol, but it is not an inert placebo and exerts purgative action and purges out ammonia, both of which will affect results (favorably). We used B-complex tablets as placebo to rifaximin, which is readily available and has no purgative action, resulting in minimal confounding. The nonresponse to treatment seen in some of our patients may be attributable to other laboratory features, like serum sodium, which we did not looked into. Other reasons may be short duration of treatment, and some might have responded to dual treatment.
ICT is a simple tool for the diagnosis of MHE. However, it has lower sensitivity and specificity in Indian patients. This study evaluated the efficacy of different treatment modalities in MHE in patients presenting at tertiary care center in India. In this group of MHE patients, rifaximin and lactulose were equally efficacious in the treatment of MHE but rifaximin was better tolerated. Hence, we recommend PHES as the primary modality for diagnosis of MHE over ICT in the Indian population. Moreover, the treatment of MHE with rifaximin should be considered over lactulose because of its better tolerability in this set of patients.
It is important to remember that this study was a singlecenter experience and included patients presenting to one of the tertiary care centers in India. Taking into consideration the heterogeneity of the Indian population with respect to genetic makeup, and educational and economic backgrounds, more studies of a similar design will be required at different centers in India in order to accurately extrapolate these results to the entire Indian population. We also recommend further trials based on the design that will include and evaluate efficacy of combination therapies, like rifaximin plus lactulose for treatment of MHE in patients who are nonresponders to monotherapy. Trials looking for recurrence of MHE after stopping treatment could add to our knowledge base and give important inputs regarding follow-up of these patients. Such trials will have ethical implications that must be considered. Moreover, treatment for longer duration may improve efficacy and compliance. Those trials including long duration of the treatment will give further insights to the follow-up of this patient population who undergoes these treatment modalities.
